We determine the elemental abundances of nine red giant stars belonging to Palomar 14 (Pal 14). Pal 14 is an outer halo globular cluster (GC) at a distance of ∼ 70 kpc. Our abundance analysis is based on high-resolution spectra and one-dimensional stellar model atmospheres. We derived the abundances for the iron peak elements Sc, V, Cr, Mn, Co, Ni, the α−elements O, Mg, Si, Ca, Ti, the light odd element Na, and the neutron-capture elements Y, Zr, Ba, La, Ce, Nd, Eu, Dy, and Cu. Our data do not permit us to investigate light element (i.e., O to Mg) abundance variations. The neutron-capture elements show an r-process signature. We compare our measurements with the abundance ratios of inner and other outer halo GCs, halo field stars, GCs of recognized extragalactic origin, and stars in dwarf spheroidal galaxies (dSphs). The abundance pattern of Pal 14 is almost identical to those of Pal 3 and Pal 4, the next distant members of the outer halo GC population after Pal 14. The abundance pattern of Pal 14 is also similar to those of the inner halo GCs, halo field stars, and GCs of recognized extragalactic origin, but differs from what is customarily found in dSphs field stars. The abundance properties of Pal 14 as well as those of the other outer halo GCs are thus compatible with an accretion origin from dSphs. Whether or not GC accretion played a role, it seems that the formation conditions of outer halo GCs and GCs in dSphs were similar.
Introduction
Globular clusters (GCs), which are witnesses of the formation and evolution of the Milky Way (MW), bear the traces of the environment in which they formed. GCs have the added advantage of being easily identifiable objects whose distances can be measured relatively easily and that are composed of stars of similar age and chemical composition. Halo GCs are of particular interest in this context, since they permit us to probe how the stellar halo of the MW formed. For example, Searle & Zinn (1978) examined a sample of 19 GCs in the inner and outer Galactic halo and proposed a hierarchial halo formation scenario, in which the halo formed from accreted smaller subunits. Observationally, there is considerable support for such a scenario (Carollo et al. 2007 (Carollo et al. , 2010 Bell et al. 2008; Schlaufman et al. 2009 ).
Recent studies of GCs in the outer Galactic halo have concentrated on deriving their chemical element pattern (Koch & Côté 2010; Koch et al. 2009 ; Lee et al. 2006; Cohen & Meléndez 2005b,a; Shetrone et al. 2001 ), on testing gravitational theories (Sollima & Nipoti 2010; Baumgardt et al. 2005 Baumgardt et al. , 2009 Haghi et al. 2009; Jordi et al. 2009 ), on determining their structural and dynamical properties (Sollima et al. 2011; Jordi & Grebel 2010; Zonoozi et al. 2011) , and a better understanding of the second parameter phenomenon. The latter refers ⋆ Based on observations collected at the European Southern Observatory, Chile (Program IDs 077.B-0769). to additional parameters other than metallicity required to explain their horizontal branch (HB) morphology. Good candidates for these additional parameters include ages and star-tostar variations in the helium content (Dotter et al. 2008 (Dotter et al. , 2010 Gratton et al. 2010; Catelan et al. 2001; Stetson et al. 1999 ).
Palomar 14 (Pal 14) is one of the most distant (R GC =71±2 kpc), faint (M V =−4.95±0.12 mag), and diffuse (r h = 46.1±2.9 pc) outer Galactic halo GCs (Sollima et al. 2011) . Color-magnitude diagram (CMD) studies of Pal 14 show that the cluster has a pair of degree-long tidal tails, a red HB, a younger age (∼12 Gyr) compared to inner halo cluster of similar metallicities, and a metallicity ranging from −1.50 to −1.60 dex (Da Costa et al. 1982; Holland & Harris 1992; Harris 1996; Sarajedini 1997; Hilker 2006; Dotter et al. 2008; Jordi et al. 2009; Jordi & Grebel 2010; Sollima et al. 2011) . The cluster's first spectroscopic metallicity determination yielded −1.60±0.18 dex (Armandroff et al. 1992 ) based on spectra of the near-infrared Ca II triplet region. The systemic velocity and the velocity dispersion for Pal 14 were measured to be 72.28±0.12 km s −1 and 0.38±0.12 km s −1 by Jordi et al. (2009) , respectively.
A possible extragalactic origin of Pal 14 was discussed by several authors. Lynden -Bell & Lynden-Bell (1995) proposed that young GCs like Pal 14 have been accreted from dSphs. Forbes & Bridges (2010) , who examined the age−metallicity relation of several GCs, which include Pal 14 and are near to the Fornax-Leo-Sculptor great circle, suggested that these GCs were accreted by our Galaxy, except Notes. (a) Identification from Hilker (2006) 
Identification from Harris & van den Bergh (1984) ; Holland & Harris (1992) (c) S/N ratio at 5500 Å for all of spectra (d) S/N ratio at 6630 Å for all of spectra for three of them. Sollima et al. (2011) found that the direction of the tidal tail of Pal 14 and its expected proper motion by Lynden-Bell & Lynden-Bell (1995) show an agreement, if Pal 14 is a part of the stream consisting of Fornax and Palomar 15. They also emphasized that Pal 14 has either an external orbit which is confined to the peripheral region of the Galactic halo or an extragalactic origin, based on the existing tidal tail of this cluster.
In this paper, our goal is to derive the elemental abundances of nine stars belonging to Palomar 14 and to compare our measurements to those for stars in inner and outer halo GCs, extragalactic GCs in dSphs, and the halo field population as well as dSph field stars. Our analysis is based on the spectra obtained by Jordi et al. (2009) . This is the first detailed abundance analysis of Pal 14 based on high-resolution spectroscopy.
Observations
Our nine target stars were selected by Jordi et al. (2009) from among the brightest red giant members of Pal 14 using a CMD obtained by Hilker (2006) . The spectra of these stars, covering the brightness range V = 17.37-19.41, were obtained with FLAMES/UVES in Service Mode in 2006 and 2007, with the original aim to determine the velocity dispersion of Pal 14 (for details, see Jordi et al. 2009 ). The spectra cover the wavelength ranges 4760-5770 Å and 5840-6840 Å. UVES was used in the RED 580 nm setting (fiber diameter of 1 arcsec). In this way, a resolving power of R ≡ λ/∆λ ≈ 47, 000 is reached. The data were reduced using the UVES pipeline (for details, see Jordi et al. 2009 ).
After shifting the spectra to the rest frame, using the radial velocities of Jordi et al. (2009) , we rebinned all spectra by a factor of three to increase their signal-to-noise ratios (S /N). Thus, we measured a FWHM of 0.02 nm. The S /N of each spectrum around 5500 and 6630 Å -the regions have relatively low and high S /N ratios for all of spectra, respectively -are listed in Table 1 ; for our stars the values are in the range 6-36 per pixel at the aforementioned wavelengths. 
Stellar Parameters
First, we derived the effective temperature T eff and surface gravity log g for each star from broad-band optical and infrared photometry. To determine T eff , we used VRI magnitudes from Saha et al. (2005) and JHK magnitudes from the 2Micron All-Sky Survey (2MASS; Cutri et al. 2003) and employed the Alonso et al. (1999) empirical color calibrations. We converted the magnitudes to the Johnson system using the transformations of Bessell (1979 Bessell ( , 1983 and the Telescopio Carlos Sanchez (TCS) system using the transformations of Ramírez & Meléndez (2004) . For all stars, we adopted a metallicity of −1.5 dex (Harris 1996) and a reddening of E(B − V) = 0.033 (Dotter et al. 2008) .
Following the transformations, we performed reddening corrections for each color, using the relations given by Bessell et al. (1998) . The effective temperatures of the stars obtained by this procedure are listed in Table 2 . Surface gravities (log g) were derived from photometry by means of Yale-Yonsei isochrones (Yi et al. 2001; Kim et al. 2002) . For this, we used 10 and 11 Gyr isochrones with an iron abundance of [Fe/H] = −1.5 dex, α−enhancement of [α/Fe] = +0.3 dex and the photometrically derived T eff of each star.
We determined the microturbulent velocity ξ of each star by means of the requirement that there shall be no trend of log ǫ with equivalent width (EW) of Fe I lines. We compared our results to the microturbulent velocities of halo giants given by Cayrel et al. (2004) , which have similar parameters as the Pal 14 stars. The microturbulent velocities of the brightest three stars that have relatively high S /N ratios differ on average by 0.2 km s −1 from ξ derived by Cayrel et al. (2004) . The other stars that have lower S /N ratios are on average higher by 0.4 km s −1 than the results of Cayrel et al. (2004) . The differences may be due to the low S /N ratio of our spectra and the abundance errors of the strong lines (Koch et al. 2009 ).
We note that the low S /N in the majority of our spectra prevents us from measuring weak lines (<25 mÅ), which are a crucial reference in determining an accurate microturbulence as we are left only with the strong lines that show a high sensitivity to this parameter. Furthermore, line asymmetries of weak lines in low S /N spectra can also induce artificially increased values for ξ (Magain 1984) . The results are listed in Table 2 .
Abundance Analysis

Model Atmospheres
We employed a Linux version (Sbordone et al. 2004 ) of the ATLAS9 code (Kurucz 1993a (Kurucz , 2005 Sbordone et al. 2004 ) for computing individual model atmospheres for the stars of our 
sample. In the computation, local thermodynamic equilibrium (LTE), plane-parallel geometry, hydrostatic equilibrium, and no convective overshooting are assumed.
We computed tailored models for each of our stars, starting from grids of ATLAS9 model atmospheres that were computed by Castelli & Kurucz (2003) for a metallicity of [M/H] = −1.5 dex with α-enhanced new opacity distribution functions (ODFs).
Line list and equivalent width measurement
We compiled a line list from Koch et al. (2009); Koch & Côté (2010) , and the Vienna Atomic Database (VALD, Piskunov et al. 1995; Kupka et al. 1999; Ryabchikova et al. 1999) . For Fe II lines, we used the g f values determined by Meléndez & Barbuy (2009) . Line lists including hyperfine structure (HFS) splitting for Y II, Ba II, La II, and Eu II were downloaded from Kurucz's web page.
Equivalent width measurements were done by fitting a Gaussian profile to the lines simultaneously with a straight-line continuum, where the continuum and line regions were chosen interactively. To estimate the uncertainties in the EW measurements, we used the formula of Cayrel (1988) , which estimates the uncertainty of EW measurements depending on the full width at half maximum of the line, the pixel size, and the S /N of spectrum. For the abundance analysis, we did not use lines with EWs larger than 186 mÅ and uncertainties in the EW measurements larger than 30%. This uncertainty in the EW measurement leads to an error of <0.16 dex in the derived abundance. From these measurements, abundances were derived using the WIDTH9 code (Kurucz 2005; Sbordone et al. 2004) , which uses ATLAS9 model atmospheres to compute line formation in LTE.
The line list, measured EWs, and the abundances calculated for each line are provided in Table A .1 and A.2.
Spectrum synthesis
Since the EW method is not appropriate for blended lines and lines where hyperfine structure (HFS) splitting has to be taken into account, we applied the spectrum synthesis method for HFS and blended lines such as the 6300 Å forbidden O line: we produced synthetic spectra with the SYNTHE code (Kurucz 1993b (Kurucz , 2005 and then those spectra were convolved with a Gaussian profile that includes the broadening effects due to the instrumental profile, and the macroturbulence velocity. The abundances of the species were adjusted until the observed and synthetic spectrum were in good agrement. We accounted for the effect of HFS for Mn I, Cu I, and Eu II, but ignored the effect as negligible (abundance difference <0.02 dex) for V I, Sc II, Co I, Y II, Ba II, and La II. In Figure 1 and Figure 2 , we show samples of the synthetic and observed spectra in the 5395 − 5402 Å and 6493 − 6498 Å regions, respectively.
The mean of the abundances determined with the EW measurements and spectrum synthesis for all our stars is listed in Table 4 . These abundance ratios, together with their uncertainties, of our all stars are shown in Figure 3 . The abundance ratios of the neutral and ionized species are given relative to Fe I and Fe II, respectively, except for the O abundance ratio. 
Abundance errors
The random errors, σ = σ/ √ N (N is the number of lines for each element), of the abundance ratios were determined from the uncertainties in the measurements of the EW, which were estimated using the relation of Cayrel (1988) for each line. The random errors in the elemental abundances, which are measured with spectrum synthesis, were given by the standard deviation of individual measurements over the square root of number of lines. We adopted an uncertainty of 0.10 dex for species that were measured with spectrum synthesis and also with only one detected line. The random errors are listed in Table 5 .
The systematic errors were estimated from the uncertainties in the stellar parameters for each element. For each model atmosphere used in our analysis, the stellar parameters T eff , log g, ξ were varied within an uncertainty of ±100 K, ±0.5 dex, and ±0.2 km s −1 , respectively. As an example, the deviations of the abundances, which were obtained from the unchanged atmosphere parameters, of the brightest and faintest stars of Pal 14 are listed in Table 3 . The largest uncertainty in the abundance ratios is due to T eff . The abundance ratios of ionized and neutral species vary with 0.2 dex and 0.1 dex, respectively, when the value of log g is changed by an amount of 0.5 dex.
The total errors on our abundance ratios were calculated as σ tot = σ 2 + σ 2 sys for each target star and are listed in Table 4 , as σ tot = σ tot / √ N (N is the number of stars). 
Abundance results
Oxygen and sodium
Oxygen abundances were derived from the 6300 and 6363 Å lines in the two brightest stars, while only the 6300 Å line was detected in the spectra of next three brighest stars. We determined the oxygen abundances with the spectrum synthesis method, since the oxygen lines in the spectra are quite weak and affected by the blends. The S /N of the spectra of the four remaining stars is too low for oxygen abundance measurements. The mean of the oxygen abundance ratio of the five brightest stars in our sample is [O/Fe] = +0.59 ± 0.09 dex. We note that throughout this paper, we use the solar abundances of Asplund et al. (2009) when computing abundance ratios relative to the Sun. Sodium abundances were determined for six of our target stars from EW measurements using the 5682 and 5688 Å lines. We did not take into account non-LTE effects for these lines, since the 5682 and 5688 Å lines do not have any significant non-LTE effect (Takeda et al. 2003) . We find a mean Na abundance ratio of [Na/Fe] = −0.14 ± 0.09 dex for Pal 14.
Magnesium to titanium
We used the 5528 and 5711 Å neutral lines to derive the magnesium abundance of each star. These lines were detected in the spectra of all nine stars. No non-LTE corrections were applied, because according to Gehren et al. (2004) they are neglible compared to the uncertainties of our Mg abundances. The Mg abundance ratios are comparable to each other for seven of the target stars, while there are significant star-to-star variations between the star 3 and HH201. Notes. (a) The standard deviations of the abundance ratios over the square root of the number of stars (b) Solar abundance ratios are taken from Asplund et al. (2009) Silicon abundances were determined using the 5690, 5948, and 6155 Å neutral lines for six of the stars. Calcium and titanium abundances were derived for all target stars. The difference between neutral and ionized titanium is [Ti I/Ti II] = 0.12 ± 0.12 dex.
Furthermore, the [Mg/Ca] ratios of Pal 14 stars are noteworthy. O and Mg are products of hydrostatic nuclear burning, while Si, Ca and Ti are mostly produced as a result of explosive nuclear burning in SN II. Therefore, the [Mg/Ca] ratio is an indicator of the progenitor mass (Koch & McWilliam 2010; Koch & Côté 2010) . In Figure 4 Table 5 .
Iron peak elements
We derived mean values of [Fe I/H] = −1.44 ± 0.03 and [Fe II/H] = −1.23 ± 0.05 for the nine stars of our Pal 14 sample; i.e., the average difference between the Fe abundance derived from Fe I and Fe II lines is log ǫ(Fe I) − log ǫ(Fe II) = −0.21 ± 0.06. One reason for the imbalance is most likely that ionization equilibrium is not fulfilled in our analysis. That is, log g was not derived by forcing neutral and ionized iron to be the same. Note that an decrease of log g by 0.5±0.2 dex would establish ionization equilibrium. In this case, the abundances of Fe I and Fe II would be higher by 0.02±0.01 and 0.2±0.1 dex, respectively.
Our mean iron abundance agrees well with the metallicity of −1.60±0.18 dex derived from spectra covering the Ca II triplet region by Armandroff et al. (1992) and photometric [Fe/H] estimates ranging from −1.50 to −1.60 dex based on CMDs of Pal 14 (Da Costa et al. 1982; Holland & Harris 1992; Harris 1996; Sarajedini 1997; Hilker 2006; Dotter et al. 2008) .
We also measured the abundances of the iron peak elements Sc, V, Cr, Mn, Co, and Ni. The Cr abundance is slightly underabundant by −0.01 dex, the Ni, Sc, and Co abundances are overabundant by 0.04, 0.12, and 0.02 dex, respectively, while the Mn abundance is underabundant by −0.27 dex with respect to the solar values. The V abundance is overabundant by 0.20 dex as compared to solar values.
As shown in Figure 5 , the Ni abundance ratio is ∼ 0 over the entire metallicity range, but the scatter increases with decreasing [Fe/H] . Moreover, the Ni abundance ratio increases to higher metallicities. Pal 14, with [Ni/Fe] = 0.04 ±0.07, agrees with this Kraft et al. (1998) , the NGC 7492 data from Cohen & Meléndez (2005a) , the M3 data from Cohen & Meléndez (2005b) , the M13 data from Cohen & Meléndez (2005b) , dSph star data from Venn et al. trend. Its Mn abundance ratio is slightly above the Galactic abundance ratio trend, but it agrees with both the other Galactic GCs and dwarf spheroidal galaxies (dSphs) of similiar metallicity, as shown in Figure 6 . The iron and iron peak element abundances of individual stars are given in Table 5 .
The production of Ni is governed by the neutron excess, which depends on the amount of 23 Na produced earlier during hydrostatic C burning, resulting from SN II events. Thus, the presence of a Na-Ni correlation indicates a dominance of enrichment by SN II. The Na-Ni relation is modified by contributions from SN Ia, since here the Ni production is independent of the presence of Na (Venn et al. 2004; Letarte et al. 2010) . As can be seen in Figure 7 , we do not detect a significant correlation in our sample of Pal 14 stars. 
Neutron-capture elements
We measured the abundances of the neutron-capture elements Y, Zr, Ba, La, Ce, Nd, Eu and Dy. Lines of Zr are only detected in the two brightest stars of our sample. Y and Ba are notably underabundant with respect to the abundance ratio in the Sun, while the other neutron-capture elements are slightly overabundant. The abundance ratios of the individual stars are listed in Table 5 .
Discussion
α−elements
We find a mean α-enhancement of 0.34 ± 0.17 dex for Pal 14, where the α−element abundance is calculated as (Mg + Ca + Ti)/3 (Venn et al. 2004; Koch et al. 2008a ). Mg, Ca, and Ti are all even-Z elements expected to have been produced during shell-burning in short-lived massive stars and to have been ejected in SN II events.
In Figure 8 , we compare the mean [α/Fe] abundance ratio of Pal 14 with the [α/Fe] values of Galactic halo field stars (Cayrel et al. 2004; Sobeck et al. 2006; Ishigaki et al. 2010; Johnson 2002; Venn et al. 2004) , the inner and outer halo GCs (Koch & Côté 2010; Koch et al. 2009; Cohen & Meléndez 2005a,b; Pritzl et al. 2005; Kraft et al. 1998) , and field stars in the dSphs Carina, Draco, Hercules, Fornax, Leo II, Sculptor and Ursa Minor (Venn et al. 2004; Koch et al. 2008b; Shetrone et al. 2009; Cohen & Huang 2009 Adén et al. 2011) . The [α/Fe] ratio of Pal 14 turns out to be similar to the Galactic halo field stars and GCs, but differs from that of field stars in typical dSphs. This suggests that Pal 14 likely formed in an environment different from that of dSph field stars, which experienced a low star formation rate (SFR), so that the contribution of iron from supernovae type Ia (SN Ia) to the chemical enrichment sets in at lower metallicity compared to environments with high SFR. For a comparison with GCs from dSphs, see Section 6.3.3. 
Abundance variations of the light elements
Correlations or anticorrelations among the light elements (such as O, Na, Mg, Al) have been observed in many GCs (e.g., Harbeck et al. 2003; Kayser et al. 2008; Carretta et al. 2009a,b; Gratton et al. 2004) . Two main scenarios have been proposed to explain this behaviour: (1) evolutionary mixing, and (2) primordial scenarios. According to the evolutionary scenario, the light elements are produced in the deeper and hotter layers of stars and transported to the surface by non-standard mixing processes (Gratton et al. 2004 ). In the primordial scenario, which is based on either classical self-enrichment (three generations of stars) or pre-enrichment scenarios (two generations of stars), at least two generations of stars have contributed to the enrichment of the GC (Gratton et al. 2004; Prantzos & Charbonnel 2006) .
According to the study of 19 GCs of Carretta et al. (2009a,b) , two generation of stars are responsible for the trend seen in these light elements. According to the same study, the first generation stars (notably massive and/or intermediate-mass asymptotic giant branch (AGB) stars) form the so-called primordial (P) component, which in terms of their O and Na content are similiar to field stars of the same [Fe/H] and have high-O and low-Na abundances. Their abundance ratios are consistent with supernova nucleosynthesis. The P component is present in all clusters. The rest of the stars are associated with the second generation stars (formed by material of the first generation polluters), defined as I (intermediate) and E (extreme) components with respect to the ratios [O/Na] > −0.9 dex and [O/Na] < −0.9 dex, respectively.
Considering these scenarios, we probe the existence of the Na-O anticorrelation among Pal 14 stars. According to the relation given by Carretta et al. (2009a) , star 1, 3, and HH244, which have low Na and high O abundance ratios may be related to the primordial component (below the dashed horizontal line in Figure 9 ).
In order to be able to investigate this possibility, we also need to investigate the Mg-Al anticorelation. This is useful because the first and second generations do not only lead to variations of the Na and O abundance but also to variations of the Al and Mg abundances in the same proton-capture reactions. Star 3 has a lower Mg abundance compared to the other stars. If the Al abundance of this star had been measured and were lower compared to the other ones, our conclusion would be confirmed. Unfortunately, we have neither detected the Al line nor measured the O and Na abundances for all of our stars, thus there is not enough evidence to draw such a conclusion.
We also carried out the Spearman's rank test in order to understand the existence of the possible anti-correlation between Na and O in our five stars. We found a correlation coefficient, ρ, of −0.6. When we compared our calculated ρ with the critical values of the coefficient at the 5% level of significance for various numbers of pairs, we found that any relation between Na and O in our stars has a probability of less than 95%. However, given the small number of stars we cannot draw any firm conclusion.
On the other hand, it is noteworthy that the O abundance ratio of our target stars shows a rather small scatter and is fairly high for all five stars. In contrast, the Na abundances show a much larger range of values, although none of the stars shows a particularly high Na abundance. Thus, most of the analyzed stars in Pal 14 likely belong to the primordial population, since otherwise we would expect a different behavior, namely high Na and low O abundances. But again, the large uncertainties in Na and O abundance ratios and the small number of our target stars do not allow us to draw this kind of conclusion.
Comparison with the outer and inner halo GCs, extragalactic GCs in dSphs, and dSph field populations
We now compare the mean abundance ratios of the nine Pal 14 stars to those of inner and outer halo GCs, extragalactic GCs in dSphs as well as stellar abundance ratios in dSphs in order to constrain the origin of Pal 14. We consider only GCs and dSphs that have a similar metallicity as Pal 14. 
Notes. * The abundances of these species were derived from spectrum synthesis.
Palomar 14 versus M3 and M13
Cohen & Meléndez (2005b) Cohen & Meléndez (2005b) concluded that the stars have experienced similar chemical enrichment histories compared to halo field and other Galactic GC stars. In Figure 10 , we show a comparison of the abundance patterns of Pal 14 and inner halo GCs.
Pal 14 shows almost the same abundance patterns as M3 and M13 for both the Fe-peak and α−elements within the abundance uncertainties. Pal 14 has similar abundances to M3 and M13 for Y, Zr, and Eu, while it has a lower Ba abundance and a higher abundance of La, Nd, and Dy. The O and Mg abundance ratios of Pal 14 are about the same as those of M3, while they are slightly higher than the abundance ratio of M13. Therefore, the Na abundance ratios of Pal 14 are about same as those of M3, and notably lower than in M13. The Ba and Dy abundance ratios of Pal 14 are considerably lower and higher than those of M3 and M13, respectively. The Cu abundance ratio is moderately higher than that of both GCs, as is shown in Figure 10 .
Pal 14 and the M3-M13 pair resemble each other closely in their iron and alpha elements, that is, they have experienced similar chemical enrichment histories. It should be pointed out that the Cu abundance ratio of Pal 14 is higher with respect to the Cu abundance ratios of M3 and M13, while its Ba abundance ratio is lower than the Ba abundance ratios of both M3 and M13. It is thought that explosive nucleosynthesis in supernovae (type Ia and type II) contributes to the production of Cu, which is a transition element between the Fe-peak and light s-process elements (Sneden et al. 1991; Mishenina et al. 2002) . Barium is mostly produced by s-process nucleosynthesis, occuring in AGB stars during the thermal pulse instability phase (Burris et al. 2000) . Therefore, the contribution coming from SN II might be higher, even if both SN Ia and SN II contributed to the chemical enrichment of Pal 14 with respect to M3 and M13, because of higher Cu and lower Ba abundance ratios of Pal 14. An abundance analysis of again four giant stars in NGC 7492 was carried out by Cohen & Meléndez (2005a) . For most elements, no star-to-star variations were found, but this GC shows a Na-O anticorrelation and an abundance pattern similar to the inner halo GCs. Moreover, the neutron-capture abundance pattern of NGC 7492 indicated that both r and s-process enrichment proceeded in a similar fashion as in M3 and M13. In NGC 7006, six stars were analyzed by Kraft et al. (1998) and the iron peak and α−element ratios are similar to those found in the other halo GCs. This cluster exhibits star-to-star abundance variations in O, Na, and Al.
In Figure 11 we show the differences between Pal 14 and the aforementioned GCs. Pal 14 is enhanced in O relative the other clusters except for NGC 7492, nonetheless it is depleted in the Na abundance ratio. In the iron peak and α−elements, Pal 14 agrees best with Pal 3, although it also agrees with the other clusters.
One of the remarkable points is the similarity between Pal 14 and Pal 3 in their neutron-capture elements. This would be an indicator as to their similar origin. Generally speaking, Pal 14 appears to be more compatible with the outer halo, in particular with the most distant outer halo GCs as compared to the inner halo GCs. That is, their chemical enrichment histories appear to be fairly similar. However, abundance analyses based on higher quality data are needed to confirm this.
Palomar 14 versus extragalactic GCs in dSphs
Following the discovery of the accreted dSph Sagittarius (Sgr) (Ibata et al. 1994) , some Galactic GCs (e.g, Pal 12, Ter 7, Arp 2) were associated with it (Cohen 2004; Sbordone et al. 2007; Mottini et al. 2008) . Apart from the Sgr dSph, GCs were detected only in one additional Galactic dSph, Fornax. Carretta et al. (2010) derived the abundances of the light elements, α−elements, and iron peak elements of 76 red giant stars in M54 which is located in the Sgr dSph. In the study of Letarte et al. (2006) the abundance analysis of three Fornax GCs is reported. These authors also concluded that the abundance pattern of GCs in Fornax and Milky Way are quite similar and that both Milky Way and Fornax globular clusters shared the same initial conditions when they formed. In Figure 12 , we show the differences between Pal 14 and the aforementioned Sgr and Fornax GCs. Pal 14 exhibits similar abundance patterns as Arp 2, M54, and Fornax GC# 2 in the iron peak and α−elements. Shetrone et al. 2003) . All three dSphs are dominated by old populations that are of comparable age as the ages of the oldest Galactic GCs (Grebel & Gallagher 2004) . Cohen & Huang (2010) suggested that the lower-metallicity stars in both UMi and Dra are similar to the outer Galactic halo stars in their α and iron peak elements, while their abundance ratios are lower than those of halo stars at higher metallicities. As for the neutron-capture elements, they exhibit an r-process distribution at [Fe/H] ≤ −2, switching to an s-process distribution at the highest metallicities. This suggests that both the inner and outer Galactic halo may have formed via accretion of dSphs, but the inner halo accretion event occured earlier than that of the outer halo. Furthermore, the dissolution of GCs might have contributed to the inner halo (see, e.g., Jordi & Grebel 2010; Martell & Grebel 2010) . Shetrone et al. (2003) suggested that the dSphs show Galactic halo like abundances in the iron peak elements. Also, the α−element abundances of the dSphs may vary from galaxy to galaxy, but are lower than in Galactic halo stars with similar metallicity. That is, the bulk of the Galactic halo cannot have formed via accretion of systems like the present-day dSphs, even though it is likely that there were many early contributions.
As shown in Figure 13 , Pal 14 exhibits higher abundance ratios with respect to those of the UMi dSph stars, but it does not differ significantly from Scl and Dra stars with similar metallicity.
Furthermore, and not surprisingly, Pal 14 differs greatly from typical dSphs in velocity dispersion (σ = 0.38 km s −1 ; Jordi et al. 2009 ) as well as mass-to-light ratio (∼ 2 in solar units; Jordi et al. 2009 ), since dSphs typically have velocity dispersions of ∼ 8-15 km s −1 and mass-to-light ratios of ≥ 30, which is usually attributed to the presence of dark matter in dSphs (Gilmore et al. 2007 ). Another group in the Galactic halo are ultra-faint dSphs (UF-dSphs) which are fainter and more metal-poor than classical dSphs (Simon & Geha 2007; Kirby et al. 2008; Geha et al. 2009; Frebel et al. 2010; Norris et al. 2010; Adén et al. 2011) . Although UF-dSphs have similar or lower total luminosities as globular clusters, UF-dSphs seem to be dark matter dominated dSphs (Martin et al. 2007; Simon & Geha 2007; Geha et al. 2009; Adén et al. 2009 ). Furthermore, those objects show internal metallicity spreads up to 0.5 dex contrast to globular clusters (Simon & Geha 2007; Frebel et al. 2010 ). Given these properties, Pal 14 with essentially a single metallicity and a low mass-to-light ratio, like Pal 3 and Pal 4, does not resemble the UF-dSphs. Also, Pal 14, with a half-light radius of 46.1±2.9 pc (Sollima et al. 2011) , is a GC, not an extended diffuse object like an UF-dSph (see, e.g., Fig.1 Misgeld & Hilker 2011).
Neutron-capture element abundance patterns
In Figure 14 , we show the mean abundances for individual neutron-capture elements of Pal 14 compared to the Solar scaled abundances of Burris et al. (2000) , scaled to match the Ba abundance of Pal 14.
The mean neutron-capture element abundances of Pal 14 agree well with the scaled solar r-process abundance pattern. To understand whether this abundance pattern shows a star-to-star variation, we checked whether star 1 and HV025, which have all neutron-capture elements detected in our spectra, are enhanced with r-process nucleosynthesis. The result was still the same, i.e., the heavy element production in the putative proto-cluster was governed by the r-process associated with contributions of massive SNe II rather than the s-process related to the contribution of AGB stars (Truran 1988; Sneden et al. 1997; Otsuki et al. 2006) .
We note that Pal 14 is the fourth cluster in which an rprocess abundance signature was found, the other three being M15, Pal 3, and M5. Sneden et al. (1997 Sneden et al. ( , 2000 found that M15 exhibits star-to-star heavy element abundance variation and the heavy element abundance is consistent with pure rprocess nucleosynthesis. Later, these results were confirmed by Otsuki et al. (2006) . They also suggested that only a single rprocess contribution is not enough to explain the observed light neutron-capture element abundances in M15. In connection with their study of Pal 3, Koch et al. (2009) pointed out that the rprocess might have occured without any need to invoke an enrichment by very massive stars, as was found in ultra-faint dSph galaxies. Lai et al. (2011) found that the neutron-capture element abundances of M5 show predominantly an r-process signature, but the cluster has a small uniform addition of s-process material. They also emphasized that the neutron-capture signature is the same for all stars in their sample and interpreted the result as indicating that low-mass AGB stars contributed heavy elements to the primordial cluster environment. Then, Roederer (2011) found a correlation between the the [La/Eu] and [Eu/Fe] ratios in M5 re-examining heavy element abundances of the cluster and reported that M5 shows an r-process dispersion. Venn et al. (2004) found that the [Ba/Y] ratio in metal-poor dSph stars is higher than in Galactic stars of similar metallicity because of the contributions from metal-poor AGB stars (Travaglio et al. 2004 ). Therefore, this ratio is a useful tool to compare the Galactic stars and GCs with the dSph stars. As shown in Figure 15 , the [Ba/Y] abundance ratio of Pal 14 is compatible with the other outer and the inner halo GCs, and is slightly lower compared to dSph stars at similar metallicity.
The [Ba/Eu] abundance ratio is a good indicator of which neutron-capture process is dominant in the production of heavy elements. Pal 14 exhibits a slightly lower [Ba/Eu] ratio compared to halo stars, GCs, and dSphs at similar metallicity, as seen in Figure 15 . This ratio is another evidence of r-process nucleosynthesis in Pal 14.
Conclusions
We derived the chemical abundances of nine stars belonging to Pal 14, using high-resolution spectra with moderate S /N ratio, and compared the resulting abundances to inner and outer halo GCs and extragalactic GCs in dSphs as well as dSphs and halo field stars. Pal 14 exhibits an abundance pattern that is almost identical to that of Pal 3, which is one of the most distant outer halo GCs. Both GCs are also similar in metallicity, age, distance from the Galactic center, and diffuseness. Hence, they seem to have experienced similar formation and chemical enrichment histories. The abundance patterns of Pal 14 and Pal 3 are also similar to those of the other inner and outer halo GCs, extragalactic GCs in dSphs, and dSph field populations as well as halo field stars with similar metallicity, except for the neutroncapture elements.
Our limited data quality does not allow us to determine whether the Na-Ni relation, which is expected when SNe II make a dominant contribution to the chemical enrichment (Venn et al. 2004; Letarte et al. 2010) , is compatible with that is seen in halo field stars.
Regarding neutron-capture elements, Pal 14 is consistent with an r-process nucleosynthesis scenario. The [Ba/Eu] abundance ratio of Pal 14 is moderately low compared to halo field stars, GCs, and dSphs, while it is consistent with Pal 3. The average [Ba/Y] ratio of nine Pal 14 giants is slightly increased compared to halo field stars.
Our data do not permit us to investigate the Na and O abundance variations among Pal 14 stars. Nonetheless, we discuss the possibility of light element abundance variations. In the case of the existence of light element abundance variations, our results indicate that in its early formation history, Pal 14 may have contained its primordial massive stars in the progenitor cloud's central region, and these stars exploded as SNe II, thus the interstellar medium (ISM) of Pal 14 could have been enriched by iron, α, and neutron-capture elements, particularly r-process elements (Truran 1988; Parmentier 2004) , in contrast to the selfenrichment scenario. The self-enrichment scenario suggests that GCs were uniformly enriched by r and s-process nucleosynthesis, and that most of them show the same abundance pattern as halo field stars (James et al. 2004 ). This classical selfenrichment may explain why Pal 14 bears the traces of r-process nucleosynthesis. Its first generation stars (the primordial component of Carretta et al. 2009a,b) -massive or intermediateand low-mass AGB or massive binary stars -might form out of polluted gas (de Mink et al. 2010; D'Ercole et al. 2008; Decressin et al. 2007; Prantzos & Charbonnel 2006) . These stars produced light elements during their evolution and the ISM of the cluster became more enriched with the products of Hburning. The next generation could have been formed in this We report that Pal 14 has no suprising abundance patterns when compared with those of the outer Galactic halo GCs and bears a striking resemblance to Pal 3. Moreover, while Pal 14 differs from the abundance trends in observed in dSph field stars, it closely resembles the trends found in the few dSph GCs studied in detail so far. We thus conclude that both the other outer halo GCs as well as Pal 14 may well have had their origin in since accreted dSphs or their progenitors. Whether or not GC accretion played a role, it seems that the formation conditions of outer halo GCs and GCs in dSphs were similar.
Our findings regarding the light element abundance variations and neutron-capture elements pattern in Pal 14 need to be confirmed with high-quality data. Additional data would help to improve our understanding not only of the formation and evolution of GCs but also of the outer Galactic halo. 
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